Results show that as dust was addedtothe radiatorsurfjlces, the effective emittance of the h i g h -e m i i coatings decxead from near 0.9 to a value of .bout 0.5. A lowemittance control surface, polished aluminum, demonstrated a rise in effective emittance for thin dust layers, and then a decline as the dust layer thickened. This behavior is attributed to the conductive resistancecaused by thedust layer.
INTRODUCTION
Radiators have been identified as an &ling technology for the human exploratiar and deveiopment of space. They are standard components of the heat rejection subsystem of space vehicles, and are used to reject waste hesit to space and/or a planetary environment. They are typically large components of a thermal control system for a space vehicle, and in some cases safety factors are used to oversize them when the operating environment cannot be fully characterized. Over-sizing can impose significant weight and size penalties that might be prohibitive for fube missions.
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f-S?tW-a !iquid=nirrogm cooled shrouo *a: ri1?;.;1&ed t h e MECE Dep, University cfHoolstorr Radipbrs will be a critical element in the thermal control system for future robotic and human exploration missions to Mars. Radiator performance depends on the radiating surface area, the emittance and absorptance of the radiator surhce, the operational temperatme of the radiator, the effective sky temperature of the surroundings of the radiator, solar radiation and atmospheric irradiation levels, convection to or ffom the Martian atmosphere, and other conditions that cwld affect the nature or^ the radiator sun-ace, such as am accumuiarion or -.,:A .4 --
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Dust is expected to be a major contributor to ihe local environmental conditions at the Mars surf-.
There is evidence that indeed dust will be accumulated on radiating surfaces on the Martian surface, as desaibed by The undusted coupons are shown arrayed on the platform in Figure 4 . The large hole at the center admits the central column of the dusting apparatus. Once dusting was completed, the dusting apparatus was removed before the vacuum chamber was closed and the vacuum created for the tests. Figure 5 shows the coupons after the fourth dusting where the dust weight per surface area was 5.9 mg/cm2. ~o t e the areas where the pair of microscope slides were removed. Dust aDDlication aDDaratus. Because multiple coupons were used in the experimental set-up, a device that applied the same amount of dust uniformly to every coupon had to be developed. A schematic of this system is shown in Figure 3 . Dust is placed in a central reservoir (indicated by the orange container) and is Radiator COUDOIIS. The coupons used guard heating to direct a known heat flux through the radiator test surface. The final design of the coupons is shown in Figure 6 . Figure 7 (3) illustrates how the cupshaped aiuminum base moves the high-gradient area away from the side of the central stack and produces a more isothermal structure. Also, the leg supports break the conduction path to the support platform. In the Mod1 design, the simulation fmds that of the main heater power, 64% goes to radiative transfer, 14% goes to conductive transfer from the test surface to the air, and 22% goes to heat loss through the remaining surfaces. The results for the Mod 2 design are 83% radiative transfer, 14% conduction, and 3% other losses. The conduction loss through the air is inherent in the design and is measured with the polished, undusted coupon as described in the Methodology Section. An additional beneffi of the Mod 2 design is that it achieves equilibrium for a desired experimental condition in a much shorter time because of the replacement of the lower Teflon disk with the high-diffusivity aluminum base.
Data Acauisition and Control System. A customdesigned data acquisition and control system was used to gather temperature and power data while controlling the energy provided to the main and guard heaters. Sixteen precision DC power supplies provided manuallycontrolled current to the heaters. (T, T m ) pair.
An energy balance on the aluminum test surface and the main heater includes heat losses into the Teflon disk, conduction to the air from the test surface, and radiation from the test coating: Equation (1) expressed in terms of the measurands of the system ana so~ved :or surtace radimon yields The effective emittance, E, was then calculated using the largeisothermal-enclosure model,
The energy provided to the heater is given by the first term on the right in Eq. 2. The voltage to the main heater circuit is
V-
and V-is twice the measured voltage drop in one side of the leads to that heater. The heater resistance, R, was measured for the operating temperature range of the heater. The second term in Eq. 2 is a one-dimensional model of the residual heat flow across the Teflon disk where L, K and A are the thickness, conductivity, and cross-sectional area of the disk. The conduction loss to the air is represented by a conduction shape factor, S, an effective air conductivity, t,, and the tempetature difference fi.om the coupon to the enclosure. Values for Sand %, are never known independently; but values for their product are determined from Coupon 0, the undusted polished aluminum coupon.
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To obtain S%, from Coupon 0, the known value of E 4.039 is used in Eq. 3, and with that, Eq. 2 can be solved f o r a , That value is then applied to the coated coupons because the geometry and temperatures are the same, thus the same Sk,,,, product will apply to all. Any residual convective transfer is also accounted for with this method, A decision was made early in the analysis to force the group averaged undusted values of E to agree with the values measured at NASA-Goddard. In doing so, the NASA Goddard values become the calibratiw standard for the experiment. The agreement was obtained by using a calibration factor, C , , determined for each baseline run. The average C , for the experiments completed thus far is 0.%8. Figure 9 is a plot of &for the Z93P Coating (coupons 1 & 3) for the clean baseline and four levels of dust. The clean baseline data from the two Z93P coupons produced a twwsigma scatter of i8% and a mean deviation of +23% from the NASA 
EXPERIMENTAL RESULTS

SUMMARY
A series of experiments to detennuK . the effects of a Martian dust simulant (carbondale Red Clay) on tbe effective emittance of candidate radiator coatings has been performed. The experiments required the development of a calorimetric apparatus that allows simultaneous measurements of the effective emittance for all the coatings at each set of experimental conditions. A method of adding dust to multiple radiator coupons was developed and shown to be capable of depositing dust on the surfices with acceptable uniformity. One expects the detailed structure of the dust layer to be dependent on the details of the deposition process. In these experiments, the layer accumulates under earth gravity and in
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the presence of an earth atmosphere. Emittance measurements were then made at vacuum conditions.
The addition of dust causes the effective emittance of originally high-emittance surfaces to drop to near 0.5. A polished aluminum surface provided a measure of the emittance of the dust itself -approximately 0.4. As dust was added to the polished surface, the effective emittance went through a maximum and then declined slowly as the thermal resistance of the dust layer itself becomes significant. The reduction in emittance can be explained qualitatively in this way, but a quantitative prediction of the effect awaits an analysis that would include the combined effects of conduction and radiation within the porous layer.
